Background: High-intensity resistance training is unexplored in untreated patients with newly diagnosed sarcoidosis. Objectives: To evaluate the effects of high-intensity resistance training on lung function, muscle strength, fatigue, dyspnea, health-related impairments, and lung immune cells. Methods: Eleven untreated patients with newly diagnosed sarcoidosis performed high-intensity resistance training at an intensity of 80% of 1 Repetition Maximum (RM) twice a week and daily inspiratory muscle training at regular intensity for 12 weeks. Assessment with spirometry, chest Xray, questionnaires, and BAL (bronchoalveolar lavage) cells was performed before and in close adjacent to completed training. A final third assessment except bronchoscopy was performed at an average 5 months after the training period. Results: The training was well tolerated and muscular strength increased significantly while fatigue, dyspnea, and health-related impairments decreased, though not significantly in all measures. Mean percentage of lung lymphocytes decreased (p = 0.006). Conclusions: High-intensity resistance training and inspiratory muscle training at regular intensity in patients with newly diagnosed sarcoidosis led to improvements in muscular strength without adverse events and seems to be a non-invasive attractive way to improve fatigue, dyspnea, and quality of life. Analysis of lung immune cells possibly indicated a decreased inflammatory activity. These results provide a basis for larger randomized trials.
Introduction
Sarcoidosis is an inflammatory disorder which can affect any organ, but the lung is the most common target. Two clinical phenotypes are recognized: Löfgren´s syndrome (LS) and non-Löfgren´s syndrome (non-LS). LS is characterized by an acute onset with a high likelihood of spontaneous remission. Patients with non-LS often present with a more gradual onset and are more likely to develop chronic disease [1] . Certain human leukocyte antigen (HLA) class II alleles are linked to a non-resolving disease [2] . In the lungs, an increased cell concentration and accumulation of CD4 + T cells are seen. BAL has a valuable role in the diagnostic workup and differential diagnosis of sarcoidosis [3] . Increased BAL cell concentration, an accumulation of CD4 + T cells, and a CD4/CD8 ratio exceeding 3,5 strongly support the diagnosis of sarcoidosis [4] . There is no cure and despite treatment, patients often have non-specific complaints such as exercise intolerance, muscle weakness, and fatigue, which do not seem to correlate with lung function, inflammatory markers, and other clinical parameters. Not even dyspnea has been found to correlate with lung function [5, 6] . Instead, research has found a correlation between muscle strength, fatigue, dyspnea, and quality of life [7] [8] [9] and that patients with sarcoidosis have lower muscle strength compared to healthy controls [5, 8, [10] [11] [12] [13] [14] . A newly published paper also reported that physical activity is significantly reduced in patients with sarcoidosis compared to healthy controls [15] . In many chronic lung diseases and inflammatory disorders, physical training has been shown to improve exercise intolerance, muscle weakness, quality of life, and reduce fatigue without adverse events [16] and limited data indicates that inflammatory activity is reduced [17] [18] [19] [20] . Also in sarcoidosis, fatigue, muscular weakness, and dyspnea are reduced while quality of life is improved after participating in training programs [7, 9, 21, 22] . However, data is scarce [23] and no study investigated the effect on inflammatory parameters and in studies performed so far, patients with various disease durations, both treated and untreated have been included. The purpose of the current study was to explore if highintensity resistance training is safe, improves health-related impairments, if the lung sarcoid inflammation is affected and possible effects on disease course in newly diagnosed patients.
Materials and methods

Study design
Participants were identified amongst consecutive patients with a high suspicion of sarcoidosis referred to the Department of Respiratory Medicine, Karolinska University Hospital, Stockholm, Sweden. At the first visit, treatment-naive non-smoking patients between 20 and 60 years of age without signs of other pulmonary (e.g. COPD, asthma), cardiac, chronic inflammatory, or metabolic diseases were asked if they were interested to participate if a diagnosis of sarcoidosis could be established. Patients with LS were excluded as that disease phenotype often resolves spontaneously. The study was approved by the Regional Ethical review Board (2015/763-31) in Stockholm. Upon enrollment, information on the study was given both orally and written. All participants signed an informed consent according to the declaration of Helsinki. Twelve patients were enrolled in the study and completed a general somatic evaluation including blood samples for CRP, ACE, HLA DRB1*-typing, a 12-lead electrocardiogram, questionnaires, and bronchoscopy with BAL. The bronchoscopy was done within a couple of weeks after referral. In cases where the sarcoidosis diagnosis was still unclear after bronchoscopy, the patients were referred to mediastinal lymph node puncture via esophagus. All included patients fulfilled the criteria for sarcoidosis according to the World Association of Sarcoidosis and Other Granulomatous Disorders [1, 24] . Spirometry and ergospirometry were performed using a SensorMedics Vmax system (SensorMedics, Yorba Linda, CA, USA). A second assessment including blood samples, spirometry, questionnaires, and bronchoscopy was made within 1-2 months after the training was completed. A third assessment except bronchoscopy was made on average 5 months after finalized training.
Bronchoscopy and questionnaires
Bronchoscopy with BAL was performed as previously described [25] . For individual details on BAL procedures, see Appendix A. Cells in BALF (bronchoalveolar lavage fluid) were separated from recovered fluid by centrifugation, fixed on cytospin slides and stained with Giemsa for calculation of leukocyte differential count. The percentage of CD4 + and CD8 + T cells, respectively, was measured by triple-laser, eight-color flow cytometry using a FACS Fortessa X-20 (Becton-Dickinson).
Quality of life was assessed using the Swedish version of St George´s Respiratory Questionnaire (SGRQ), containing three component items. These can be aggregated into a total score. Scores are expressed as a percentage of overall impairment where 100 represents the worst possible health status. A difference of at least 4 points in the SGRQ total score is considered a minimum clinically important difference from the patient's perspective [26] . Means for SGRQ scores in normal subjects with no history of respiratory disease are 12 for S, 9 for A, 2 for I, and 6 for T (SGRQ manual, Prof Paul Jones, Division of Cardiac and Vascular Science, St George´s, University of London, UK). Fatigue was measured with the Fatigue Severity Scale (FSS). Maximal score 63 indicates a great impact of fatigue. A total score of less than 36 suggests that the patient does not suffer from fatigue. The FSS has been found to reliably capture fatigue impact in a variety of clinical populations [27] . Physical Activity Level Scale was used to estimate physical activity. This scale has been used in several studies concerning the effects of different types of intervention. Activity levels during summer and winter were recorded separately. Level 1 means hardly any activity at all while level 6 reflects hard/very hard exercise regularly and several times a week [28] . The 6-point (0-5) modified Medical Research Council (mMRC) dyspnea score was used to determine dyspnea. A higher point means more dyspnea. This scale has been most widely used in COPD but has also been shown to be reliable in interstitial lung disease for the assessment of dyspnea [29] . The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommended using mMRC score of 2 as the symptomatic cut-off point.
Training
The high-intensity resistance training followed current guidelines [30] and started on average 2.6 months after the firs bronchoscopy and was performed twice a week for 60 min during 12 weeks under supervision of an experienced physiotherapist. If a training session was missed, the period was prolonged. The training consisted of a 10-min warm-up on a stationary bicycle and 9 high-intensity resistance exercises. The training intensity was 80% of 1 RM. Exercises were performed in three sets. An increase in load was applied when the individual could perform three sets of >7 repetitions. At the start and end of the training period, 1 RM for each of the exercises was calculated.
Respiratory muscle strength was assessed using an electronic pressure transducer (Micro RPM, Intramedic AB, Bålsta, Sweden). Maximum inspiratory and expiratory pressures (MIP and MEP) were measured. Patients were instructed in inspiratory muscle training using a pressure threshold-loading device (Threshold IMT). The training used regular resistance, i.e. this part of the training was not of high-intensity, and started at a load of 30% of MIP and was performed 30 × 3 twice daily at a level correlating to 12-14 on Borg Rating of Perceived Exertion [31] .
Data analysis
Statistical analyses were performed using IBM SPSS Statistics 24 software. Power analysis was not performed given the exploratory nature of the study. Descriptive statistics, i.e. mean and standard deviation (SD) for ratio data, was performed. Wilcoxon´s signed-rank test was applied to assess changes in muscle strength, MIP, MEP, BALF data, lung function parameters, and questionnaires. P-value significance was set at <0.05.
Results
Study subjects
Twelve patients (ten men and two women) were included in the study. One (number 12) dropped out in the middle of the training due to lack of time. Data from this patient was excluded from the analysis. Clinical characteristics of patients are shown in Table 1 . Nine of the patients were positive for HLA DRB1* alleles that have been associated with chronic disease [2, 32] . Assessment of overall physical activity with Physical Activity Level Scale resulted in a mean value of 3.4 and 3.3 during summer and winter, respectively. All patients had a normal resting electrocardiogram and ergospirometry found no signs of cardiac disease. CRP levels were around normal in all patients throughout the study period. Mean ACE level decreased from 57 E/l (reference <70) to 51 after training (p > 0.05). Adherence to high-intensity resistance training supervised by a physiotherapist and follow-up assessments was good (Appendices B-D). Protocols for inspiratory muscle training relieved that adherence was not as good as for the supervised training (not shown). No major adverse events were recorded, but some minor complaints (detailed information given in Appendix E). Patient number 11 started to smoke during the study, this was not discovered until the follow-up bronchoscopy, so it was decided to keep patient´s data in the study. Patient number 3 disclosed a progress on chest X-ray at first follow-up, therefore the patient was put on systemic treatment and did not participate in the last follow-up. At second follow-up, three more patients disclosed a progress. Progress was minor and none of the patients needed treatment. Two patients disclosed a regress at follow-ups. See Appendix E for individual details.
Lung immune cells and spirometry
There was a significant decrease in mean percentages of T lymphocytes, from 33 to 20% (p = 0.006), corresponding to an increase in the mean percentage of macrophages. Mean CD4/CD8 ratio increased from 6.5 to 7.6 (p > 0.05). The ratio disclosed large individual differences between baseline and follow-up ( Figures 1 and 2 ). There were no significant changes in neutrophils, eosinophils, basophils, and mast cells. The main results remained the same even when the patient who had started smoking was removed from the analysis. This patient differed very much from the rest in total cell concentration with a large increase at follow-up ( Figure 3 ). The change in mean total cell concentration was not significant regardless of the inclusion or exclusion of this patient. Three patients Patient number 5 had no symptoms related to sarcoidosis but searched health care because of pain in the left groin and scrotum. CT could not reveal any abnormality in that region but in the lung parenchyma. Scadding stage = radiographic extent of sarcoidosis assessed by chest X-ray (0-4), EPM = extrapulmonary manifestations, F = female, M = male, HLA = human leucocyte antigen.
had a TLC and two patients a FEV1 less than 80% of predicted. However, mean lung function parameters (percent of predicted) were within normal limits and did not change significantly between baseline and follow-ups, see Table 2 (second follow-up not shown). No correlation was seen with mMRC scores. Patient number 5 who had no respiratory symptoms at all was one of the patients with the lowest lung function values with TLC 65% and FEV1 76% of predicted at baseline.
Questionnaires
SGRQ and mMRC scores pointed in direction of improvement at first follow-up after training, but did not reach significance while FSS scores improved significantly (p = 0.035). Also the patient with disease progress improved. However, the mean score before training was 30, indicating that the patients did not suffer much from fatigue and only four patients had scores of 36 or more. Mean mMRC score before training was less than 2, thus it seems as if the patients did not suffer from much dyspnea. But, when looking at individual levels, seven patients had a score of 2 or more. Changes in scores at second followup were small and not significant (Figures 4-6 ).
Training
Results from 1 RM tests, MIP and MEP are presented in Table 3 . The mean increase was significant for all exercises. Even the patient with disease progress at first follow-up disclosed an improvement in all exercises.
Discussion
This is the first study to explore the effect of a high-intensity resistance training program in patients with newly diagnosed sarcoidosis. The results indicate that training is safe, does not augment the sarcoid inflammation, leads to increased muscular strength, decreased fatigue, and may improve health-related impairments and dyspnea. No serious adverse events were recorded, only some minor complaints. This is in line with a Cochrane review from 2014 [16] focusing on training programs for interstitial lung diseases where no adverse events were identified. In fear of worsening patient´s symptoms, previous studies have used submaximal training [7, 33] . The present study could not detect any signs of worsening symptoms. It must be stressed though that our study sample is limited with a gender imbalance, that included patients had a moderate disease activity and a relatively normal lung function, and that the observation period was rather short. However, it is notable that nine of the patients were positive for HLA-DRB1* alleles that are associated with chronic disease outcome [2] . Only one out of eleven patients disclosed a progress at first follow-up. However, also this patient benefitted from the training with reduction of fatigue and health-related impairments while muscular strength improved. At present, it is unclear how lung immune cells change over time in patients with untreated sarcoidosis. Thus, when we suggest that our data points towards a decreased inflammation, our conclusion is drawn from comparison with BALF lung immune cells in healthy controls [25] . One study investigated lung immune cells in BALF after recovery of sarcoidosis (>2 years after initial presentation) and disclosed a decrease in lymphocytes, CD4/CD8 ratio, and cell concentration [34] . In that study, only patients with LS were investigated, whereas our study only included non-LS patients and the second bronchoscopy in our study was performed earlier in the disease course. Therefore, we are unable to draw major conclusions from BALF data. A possible positive effect of physical exercise in people with sarcoidosis is likely to be complex and depend on several pathways. Experimental studies performed on mice have shown that training induces alterations in peripheral blood lymphocyte subpopulations [35] and in mice with obesityrelated airway hyper-responsiveness, training induced a reduction of several inflammatory cells (including lymphocytes) as well as pro-inflammatory cytokines in BALF [36] . T regulatory cells (T regs ) normally dampen the release of proinflammatory cytokines and thereby have a potential function in controlling and ending immune responses. In sarcoidosis, the exaggerated inflammatory response has, at least partly, been explained by a dampened function and/ or reduced frequency in BALF and blood of T regs . Interestingly, in a mice model of asthma, physical exercise caused an increase of activated T regs in the lungs [37] . Thus, a possible explanation for the positive effect of training could be restoration of a dysregulated T reg pool.
Despite improvements in muscular strength, lung function remained unchanged, which is in line with results from previous studies. One study investigated the effect of inspiratory muscle training in sarcoidosis and reported an improvement of dyspnea but not lung function [9] . In other studies regarding sarcoidosis and training, dyspnea was not specifically recorded, however fatigue and health-related impairments improved while lung function remained the same [21, 33] . Thus, it seems as if dyspnea is not only related to lung function and the mechanisms behind the experience of dyspnea are multifactorial where fatigue, decreased physical activity, and muscular strength are important factors. Several authors have described a negative vicious circle including fatigue, skeletal muscle weakness, and exercise intolerance, leading to physical deconditioning further exaggerating symptoms including dyspnea. Physical training seems to be a way to interfere in this vicious circle [5, 8, 23] . The patients with a decreased lung function were too few to allow subgroup analysis. Also, most other interventional studies performed so far, at least to our knowledge, have included patients with normal or just below normal mean lung function [7, 9, 21] . Two studies investigated the effects of a 12-week exercise program in patients with lower lung function and included patients with fibrotic disease. One of them could not detect any improvement [22] while the other reported a trend towards improvement of FVC [33] . Findings on patients with COPD have shown improvements in dyspnea after inspiratory muscle training but results on functional tests are conflicting [38] [39] [40] . Also, results on lung function after exercise programs in patients with idiopathic pulmonary fibrosis are conflicting [33, 41] . Taken together, it cannot be ruled out that sarcoidosis patients with a decreased lung function would benefit from an exercise program with regard to lung function.
It is also important to point out that we do not have knowledge about the optimal time duration or type of training. One recent study investigated patients with interstitial lung disease (including sarcoidosis) and the results showed that patients benefited more from a 12week exercise program compared to eighth weeks [42] . Thus, we can speculate that longer training periods may be even better.
The improvements in health-related impairments, dyspnea, and fatigue were not as large as we had expected, and only reached significance for fatigue. Included patients had a newly diagnosed sarcoidosis, they did not suffer from severe fatigue and did not cross the mMRC cut-off level for dyspnea. Scores on Physical Activity Level Scale also suggest that the patients were rather physically active. Offering training early in the disease course can perhaps hinder the vicious circle to begin. Moreover, none of the patients was on treatment and treatment itself can cause side-effects affecting quality of life and fatigue. Another explanation to this can be that patients included in the study were consecutively picked from patients fulfilling the inclusion criteria and not because of symptoms.
Major limitations of this study include the lack of a randomized-controlled design, a relatively small study sample, and a rather short observation period. The voluntary nature of inclusion may have influenced the results as motivation and will power can be important factors in achievements. Also, our way of inclusion probably led to a gender imbalance, thus we cannot rule out a different effect of exercise between men and women. At the start of the study, no validated and reliable questionnaires specific for sarcoidosis were available in Swedish to measure fatigue, dyspnea, and health status, which may have led to a bias in the estimation of symptoms and impairments. Moreover, as we only used the measurement of ACE and CRP as surrogate markers for overall disease activity, we are unable to tell if the training affected extrapulmonary disease activity.
Major strengths include good adherence to training and follow-up assessments, the homogeneity of included subjects (treatment-naive, newly diagnosed), as well as exploration of the lung inflammation with bronchoscopy before and after the training. Moreover, we used a high-intensity protocol, whereas other studies have used loads at patient´s preference [21] and low-intensity training [7] .
Conclusions
A 12-week high-intensity resistance training protocol combined with inspiratory muscle training at regular intensity in treatment-naive, newly diagnosed sarcoidosis patients led to a significant increase in muscular strength, was well tolerated and no sign of worsening disease was detected, rather some data point towards a decreased inflammation. Thus, high-intensity resistance training seems to be a safe and attractive intervention in patients with sarcoidosis. The results provide a basis for larger randomized trials, which could be achieved by including more centers. Assessment of extrapulmonary disease activities should also be considered in future studies. 
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